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Opi1p, a transcription regulator of phospholipid
metabolism in budding yeast, is retained in the
endoplasmic reticulum by association with Scs2p.
New research shows that binding of phosphatidic
acid to Opi1p is a prerequisite for this targeting.
Researchers on lipids have long found it annoying that
‘their’ molecules were only considered as building
blocks for biological membranes, without any specific
interesting functions of their own. This view has
changed during the last two decades through the
finding that certain classes of lipids are involved in
intracellular signaling processes or serve as sensors
for the membrane status of a cell, thus affecting and
regulating important cellular processes. Moreover,
biophysical properties of distinct lipids, even when
present at low concentration or in specific membrane
domains such as caveolae and rafts, may significantly
influence membrane properties or enzyme activities. A
new picture of lipids as molecular effectors has thus
emerged in which members of this class of cellular
components are seen to have more sophisticated
roles than they have generally been given credit for.
Among the lipids with most prominent functions,
phosphatidylinositol (PI) and derivatives are known to
be involved in transduction of intracellular signals [1]
and vesicle trafficking [2]. Degradation products of
phospholipid hydrolysis, such as phosphatidic acid
(PA), diacylglycerol (DAG) and fatty acids, as well as
sphingolipids, have also been shown to serve as
messenger molecules. Certain lipids are specifically
required for enzyme activities [3]. And membrane
properties can be dramatically changed by the
presence of specific lipids, for example sterols,
sphingolipids, hexagonal-phase-favoring phospho-
lipids such as phosphatidylethanolamine, or potential
membrane perturbants such as PA, lyso-PA, DAG and
free fatty acids.
PA is one of the lipids to which various functions
have been ascribed. Besides its role as a general
precursor of acylglycerols, PA can act as a signaling
molecule [4,5]. Phospholipase D (PLD) catalyzes
hydrolysis of phospholipids to yield PA, which stimu-
lates various cellular processes. As an example, the
PLD encoded by the gene PLD1/SPO14 in budding
yeast is essential for meiosis, suggesting that
formation of PA is involved in a form of cellular differ-
entiation [6]. Siddhanta and Shields [7] showed that
the accumulation of PA as a product of catalysis by
PLD is a key process in the regulation of vesicle
budding from the trans-Golgi compartment. Also in
budding yeast, the Sec14p-regulated turnover of
phosphatidylcholine (PC) to give PA and DAG was
shown to be crucial for secretory functions [8]. A
balanced level of PA generated by the phosphatidate
phosphatases Pap1p and Pap2p may also be
necessary for the maintenance of cellular shape and
cytokinesis in budding yeast [9]. Schmidt et al. [10]
reported that formation of microvesicles from the
plasma membrane depends on a lyso-PA acyltrans-
ferase by affecting the membrane curvature. And
further evidence that the level of PA can have a strong
influence on membrane properties was reported
recently by Kooijman et al. [11].
Another lipid-related phenomenon, specific for
budding yeast, is the Opi effect. Opi1p, a transcrip-
tional regulator of phospholipid synthesis, was found
to repress transcription of genes under control of an
inositol/choline-responsive element (ICRE). Recessive
mutations at the OPI1 locus result in constitutively
derepressed expression of the INO1 gene product,
inositol 1-phosphate synthase. Other enzymes of
phospholipid biosynthesis are also expressed at
highly derepressed levels in opi1 mutants [12]. A
mutation in OPI1 leads to overproduction of inositol
[13]. The same phenotype can also be caused by
mutations in genes encoding enzymes involved in PC
synthesis, indicating that ongoing PC biosynthesis is
required for global transcriptional regulation of
phospholipid synthesis in response to inositol [14].
Loewen et al. [15] recently reported that the yeast
Opi1p has a distinct amino acid sequence, the FFAT
motif. This motif also occurs in lipid-binding proteins
from various species, among them human oxysterol
binding protein (OSBP) and its homologues, such as
Osh1p, Osh2p and Osh3p in budding yeast. For these
proteins to act effectively, they must be targeted
accurately to specific membranes. Loewen et al. [15]
demonstrated that the FFAT motif acts as a mem-
brane-targeting determinant by direct interaction with
Scs2p, a yeast homologue of VAMP-associated
protein (VAP), a conserved protein of the endoplasmic
reticulum (ER).
The interaction of Opi1p, Osh1p and Osh2p with
Scs2p had been reported before [16], while other pro-
teins that interact with Scs2p — Fks1p, Num1p,
Rpn10p, Stt1p and Pil1p — did not appear to have
FFAT motifs. The precise intracellular distribution of
these proteins with FFAT motifs depends on the
integration of the FFAT–Scs2p interaction with other
targeting determinants. Loewen et al. [15] concluded
that binding to a VAP homologue is a common
mechanism by which proteins with FFAT motifs, most
of which are involved in lipid metabolism, target ER
membranes. 
These properties of Opi1p — that it harbors the
FFAT motif, interacts with Scs2p, is targeted to the ER
and acts as a regulator of INO1 expression in the
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nucleus — were the basis for an illuminating new
study by Loewen et al. [17]. This work has demon-
strated a highly dynamic feedback mechanism of
phospholipid metabolism in budding yeast, with PA as
a major player. The authors found that PA in the ER
binds to Opi1p and retains it outside the nucleus in its
inactive form. When inositol is added, PA is consumed
and Opi1p is released to the nucleus where it fulfills its
regulatory role by repressing target genes.
The direct proof for Opi1p–PA interaction came
from binding experiments involving Opi1p from cell
lysates and beads coated with PA, and with isolated
Opi1p and PA liposomes. With other lipids —
including PC alone or mixed with CDP-DAG, PI, PI-4-
P, phosphatidylglycerol or phosphatidylserine — no
interaction was observed. A GFP–Opi1p hybrid was
also recruited to membranes in vivo by PA derived
from PC through the action of microinjected PLD.
Scs2p is required for normal localization of Opi1p to
the ER [15]. Deletion of SCS2 represses INO1 causing
a slight inositol auxotrophy [18]. Loewen et al. [17]
went on to pinpoint the molecular mechanism of this
effect. They found that reduced targeting of Opi1p to
the ER in an scs2 deletion strain led to activation of
Opi1p and thus repression of INO1. Reduced binding
of PA to Opi1p had the same effect. This was verified
experimentally using opi1 mutants bearing a defect in
a PA-binding site within a basic domain of Opi1p that
also contains the nuclear localization signal (NLS). A
second PA-binding site also present in Opi1p was not
mapped precisely.
When expressed on its own, the region of Opi1p
containing the basic domain localized to the plasma
membrane and the nucleus, these two different
localizations being caused by PA binding and the
NLS, respectively. Whereas full-length Opi1p was
retained on the ER by interaction with both PA and
Scs2p — and so only responded to changes in the
rather small ER pool of PA — the basic domain was
able to bind the largest intracellular pool of PA, that
made by Pld1p/Spo14p at the plasma membrane.
Thus, different local pools of PA were shown to
respond differently to the same cellular stimulus.
Finally, Opi1p targeting was directly linked to PI
metabolism. It has long been known that addition of
inositol to the growth medium of budding yeast leads to
repression of INO1 and thus reduced inositol formation
[19], and it had been proposed that this regulation
might be mediated by Opi1p sensing changes in PA or
PC [20]. Loewen et al. [17] showed that three events
occur with the same rapid kinetics after addition of
inositol: changes in pools of newly synthesized lipids
(PA and CDP-DAG are consumed, PI is formed);
nuclear translocation of Opi1p–GFP; and repression of
INO1. The binding of PA to Opi1p, and the gain-of-func-
tion in mutant Opi1p with reduced PA binding, indi-
cated that it is PA that regulates this pathway. 
Three effects thus meet (Figure 1): Opi1p, Scs2p and
PA form a unit that is targeted  to the ER; these three
components are involved in the regulation of INO1
expression executed by Opi1p; and the role of PA as a
regulatory element is linked to its central role as a pre-
cursor of lipid metabolism, because formation of PI
from PA triggers release of Opi1p into the nucleus.
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Figure 1. Phosphatidic acid binds to the translation regulator
Opi1p and keeps it outside the nucleus.
In the unrepressed state (left), Opi1p binds to Scs2p, the yeast
homologue of the VAMP-associated protein, through its FFAT
domain. Association of this complex to the endoplasmic
reticulum (ER) membrane requires phosphatidic acid (PA). In
the repressed state (right), consumption of PA by synthesis of
phosphatidylinositol (PI) sets Opi1p free to enter the nucleus
where it acts as a repressor of INO1, which encodes inositol
1-phosphate synthase.
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